EP 0 785 360 A1 



BNSOOCID: <EP. 



( 19 ) 




( 12 ) 



(43) Date of publication: 

23.07.1997 Bulletin 1997/30 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets ( 11 ) EP Q 785 360 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCl.^: F04C 2/10 



(21) Application number: 97100467.6 

(22) Date of filing: 14.01.1997 



(84) Designated Contracting States: 


• Katagiri, Manabu, 


DE FR GB 


c/o Niigata Plant 




Niigata-shi, Niigata-ken 950 (JP) 


(30) Priority: 17.01.1996 JP 6173/96 






(74) Representative: Fuchsle, Klaus, Dipl.-lng. et al 


(71 ) Applicant: MITSUBISHI MATERIALS 


Hoffmann, Eitle & Partner, 


CORPORATION 


Patentanwalte, 


Chiyoda-ku, Tokyo (JP) 


Arabellastrasse 4 


(72) Inventors: 


81925 Munchen (DE) 


• Hosono, Katsuaki, 




c/o Niigata Plant 




Niigata-shi, Niigata-ken 950 (JP) 





(54) Oil pump rotor 

(57) The present invention relates to an oil pump 
rotor provided with an inner rotor (10) to which n {n \s a 
natural number) outer teeth (11) are formed, an outer 
rotor (20) to which n+7 inner teeth (21) are formed 
which engage with each of the outer teeth (1 1). and a 
casing (30) in which an intake port (31) for taking up 
fluid and an expulsion port (32) for expelling fluid are 
formed, wherein: 

the outer teeth of inner rotor are formed by alter- 
nately combining an epicycloid curve and a hypocycloid 
curve, the epicycloid curve being generated as an orbit 
of the point on a circle (Pj) which rolls along the outside 
of the base circle (Bi) without slipping, and the hypocy- 
cloid curve being generated as an orbit of a point on a 
circle (Hj) which rolls along the inside of the base circle 
without slipping; the alternately combined curve being 
generated under the following condition, where E is the 
diameter of the circle (PJ which rolls along the outside 
of the base circle, and H is the diameter of the circle (HJ 
which rolls along the inside of the base circle: 



Fig. 2 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an oil pump rotor s 
used in an oil pump which intakes and expels a fluid 
according to changes in the capacity of a plurality of 
cells which are formed between inner and outer rotors. 

Conventional oil pump rotors are provided with an 
inner rotor to which n {n being a natural number) outer io 
teeth are formed, an outer rotor to which n+1 inner 
teeth are formed for engaging with the outer teeth, and 
a casing in which an intake port for taking up fluid and 
an expulsion port for expelling fluid are formed. In this oil 
pump, the inner rotor is rotated, causing the outer teeth is 
to engage the inner teeth and thereby rotate the outer 
rotor. Fluid is then taken in or expelled due to changes 
In the capacity of the plurality of cells which are formed 
between the rotors. 

Individual cells are partitioned due to contact 20 
between the respective outer teeth of the inner rotor and 
the inner teeth of the outer rotor at the front and rear of 
the direction of rotation, and by the presence of the cas- 
ing of the oil pump which exactly covers either side of 
the inner and outer rotors. Thus, independent fluid car- 25 
rier chambers are formed as a result. Once the capacity 
of a cell has fallen to a minimum value during the proc- 
ess of engagement between the outer teeth of the inner 
rotor and inner teeth of the outer rotor, the cell next pro- 
ceeds along an intake port where its capacity is 30 
expanded, causing fluid to be taken up. After the cell's 
capacity reaches a maximum value, the ceil next pro- 
ceeds along an expulsion port where its capacity is 
decreased, causing the fluid to be expelled. 

In this type of oil pump rotor, a sliding contact is 35 
always present between the casing and each edge sur- 
face of the inner and outer rotors, and between the outer 
periphery of the outer rotor and the casing. Further, a 
sliding contact is also always present between the outer 
teeth of the inner rotor and the inner teeth of the outer 40 
rotor at the front and rear of each cell. While this is 
extremely important for maintaining the liquid-tight char- 
acter of the cells which are carrying the fluid, when the 
resistance generated by each of the sliding parts 
becomes large, then this sliding contact may cause a 45 
significant increase in mechanical loss in the oil pump. 
Accordingly, reducing the resistance generated by the 
various sliding parts in an oil pump has been a problem 
in this field. 

50 

SUMMARY OF THE INVENTION 

Accordingly, the present invention was conceived in 
consideration of the above described circumstances, 
and has as its objective a reduction in mechanical loss 55 
in an oil pump by reducing the resistance which is gen- 
erated by each of the sliding components in the inner 
and outer rotors and the casing, while at the same time 
ensuring the oil pump rotor’s durability and reliability. 



In order to achieve the aforementioned objective, 
the outer rotor teeth of the inner rotor in the oil pump of 
the present invention are formed by alternately combin- 
ing an epicycloid curve and a hypocycloid curve, 
wherein the epicycloid curve is generated as an orbit of 
a point on a circle which rolls along the outside of a base 
circle without slipping, and the hypocycloid curve is gen- 
erated as an orbit of a point on a circle which rolls along 
the inside of the base circle without slipping. 

The alternately combined curve is generated under 
the following condition, where E is the diameter (mm) of 
a circle which rolls along the outside of a base circle, 
and H is the diameter (mm) of a circle which rolls along 
the inside of the base circle: 

0.5 < H/E < 0.8 

In addition, run-offs which are not in contact with 
the inner teeth of the outer rotor are provided to the front 
side or to both the front and rear sides of the direction of 
rotation of the outer teeth of the inner rotor. 

As a result of the above described design, the 
resistance generated by each of the sliding parts in the 
inner rotor, outer rotor and casing is reduced, thereby 
reducing mechanical loss in this oil pump. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a planar view of a first embodiment of the 
oil pump rotor according to the present invention, 
wherein the outer teeth of the inner rotor are formed 
along a combined cycloid curve generated within 
limits which satisfy the following expression: 

0.5 < H/Ej <0.8 

FIG. 2 is a planar view showing the method of gen- 
erating the inner rotor shown in FIG. 1. 

FIG. 3 is a planar view of an oil pump rotor offered 
as an example for comparison with the oil pump 
rotor shown in FIG. 1 . wherein the outer teeth of the 
inner rotor are formed along a corrbined cycloid 
curve originated within the limits which satisfy the 
following expression: 



H j/E j > 0.8 



Similarly, FIG. 4 is a planar view of an oil pump 
rotor offered as an example for comparison with the 
oil pump rotor shown in FIG. 1. wherein the outer 
teeth of the inner rotor are formed along a com- 
bined cycloid curve originated within the limits 
which satisfy the following expression: 



Hj/Ej >0.8 



FIG. 5 is a planar view of an oil pump rotor offered 
as an example for comparison with the oil pump 
rotor shown in FIG. 1 , wherein the outer teeth of the 
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inner rotor are formed along the combined cycloid 
curve originated within the limits which satisfy the 
following expression: 

H j/E j < 0.5 

FIG. 6 is a graph showing the mechanical efficiency 
of an oil pump provided with an inner rotor in which 
outer teeth are formed by employing an arbitrarily 
selected value for Hj/Ej. 

FIG. 7 is a planar view of an oil pump rotor, wherein 
the outer teeth of the inner rotor are formed along 
the combined cycloid curve originated within the 
limits which satisfy the following expression: 

H/Ej = 0.8 

FIG. 8 is a planar view of an oil pump rotor, wherein 
the outer teeth of the Inner rotor are formed along 
the combined cycloid curve originated within the 
limits which satisfy the following expression: 

H/Ej =0.5 

FIG- 9 is a planar view of a principal component in 
the second embodiment of the oil pump rotor 
according to the present invention, showing the 
state of engagement between the outer teeth of the 
inner rotor and the inner teeth of the outer rotor. 

Similarly, FIG. 10 is planar view of a princip>a! 
component in the second embodiment of the 
present invention, showing the state of contact 
between the outer teeth of the inner rotor and the 
inner teeth of the outer rotor when cell capacity is at 
a maximum value. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The first embodiment of the oil pump rotor of the 
present invention will now be explained. 

The oil pump rotor shown in FIG. 1 is provided with 
an inner rotor 10 to which n outer teeth are formed 
(wherein n is a natural number; n = 10 in the present 
embodiment), an outer rotor 20 to which n + 1 inner teeth 
are formed which engage with each of the outer teeth, 
and a casing 30 which houses inner rotor 1 0 and outer 
rotor 20 therein. 

Inner rotor 10 is attached to a rotational axis, and is 
supported in a rotatable manner about axis center O^. 
Outer teeth 11 of inner rotor 10 are formed by alter- 
nately combining an epicycloid curve and a hypocycloid 
curve, wherein the epicycloid curve is generated as an 
orbit of a point on a circle Pj which rolls along the out- 
side of a base circle Bj without slipping, and the hypocy- 
cloid curve is generated as an orbit of a point on a circle 
Qj which rolls along the inside of the base circle without 
slipping. 

The alternately combined cycloid curve Rj is gener- 



ated under the following condition, where E is the diam- 
eter of a circle Pj which rolls along the outside of a base 
circle B|, and H is the diameter of the circle Qj which 
rolls along the inside of a base circle B|: 

0.5 < H/Ej <0.8 

(In FIGS. 1 and 2 H/Ej=0-72). 

Outer rotor 20 is disposed such that its axial center 
O 2 is eccentric (amount of eccentricity: e) to the axial 
center of inner rotor 10. and is supported to enable 
rotation about this axis center O 2 . Inner teeth 21 of outer 
rotor 20 are formed by alternately combining an epicy- 
cloid curve and a hypocycloid curve, wherein the epicy- 
cloid curve is generated as an orbit of a point on a circle 
Pq which rolls along the outside of the base circle of 
outer rotor 20 without slipping, and the hypocycloid 
curve is generated as an orbit of a point on a circle Qq 
which rolls along the Inside of base circle Bq without 
slipping. The combined cycloid curve is designated as 
Ro- 

A plurality of cells C are formed in between the 
tooth surfaces of inner rotor 10 and outer rotor 20 along 
the direction of rotation of rotors 10.20. Each cell C is 
individually partitioned as a result of contact between 
respective outer teeth 11 of inner rotor 10 and inner 
teeth 21 of outer rotor 20 at the front and rear of the 
direction of rotation of the rotors 1 0,20, and by the pres- 
ence of a casing 30 which exactly covers either side of 
the inner and outer rotors 10,20. As a result, independ- 
ent fluid carrier chambers are formed. Cells C rotate 
and move in accordance with the rotation of rotors 
10.20. with the capacity of each cell C reaching a maxi- 
mum and falling to a minimum level during each rotation 
cycle as the rotors repeatedly rotate. 

A circular intake port 31 is formed to casing 30 
along the area In which the capacity of a given cell C 
formed between the tooth surfaces of rotors 10,20 is 
increasing. Similarly, a circular expulsion port 32 is 
formed along the area in which the capacity of a given 
cell C formed between the tooth surfaces of rotors 10,20 
is decreasing. 

The present invention is designed so that after the 
capacity of a given cell C has reached a minimum dur- 
ing the engagement between outer teeth 1 1 and inner 
teeth 12, fluid is taken into the cell as the cell’s capacity 
expands as it moves along intake port 31. Similarly, 
after the capacity of a given cell C has reached a maxi- 
mum during the engagement of outer teeth 1 1 and inner 
teeth 12, fluid Is expelled from the cell as the cell’s 
capacity decreases as it moves along expulsion port 32. 

In an oil pump of the above described design, a fric- 
tional torque T in opposition to the sliding resistance 
which is generated between the edge surfaces of rotors 
10.20 and casing 30 when rotating rotors 10,20 may be 
calculated from the following equation: 

T= M • S • I 
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where S is the sliding area, I is the distance from the 
center of rotation to the sliding part, and M is the fric- 
tional force per unit area operating between the rotors 
10.20 and the casing 30. 

From this equation it may be understood that one 
means to reduce the frictional torque T is to place the 
sliding parts far from the rotational center, i.e., reduce 
the area of sliding between the edge surfaces of outer 
rotor 20 and casing 30. 

Based on the preceding, the oil pump rotor shown 
in FIGS. 3 and 4 may be considered which is provided 
with an inner rotor 1 0 in which outer teeth 1 1 are formed 
along a combined cycloid curve originated within the 
limits which satisfy the following expression: 

Hj/Ej > 0.8 

In this oil pump rotor, the area of edge surface So of 
inner tooth 21 becomes larger with respect to the area 
of edge surface Sj of outer tooth 1 1 as the value of H/Ej 
is n cvde larger. As a result, the sliding area of outer rotor 
20 becomes large, causing the frictional torque T to 
increase as a result. (FIG. 3 shows the case where 
Hj/Ej=1.0; FIG. 4 shows the case where 
Hj/Ej =1.48). 

FIG. 5 shows an oil pump rotor provided with an 
inner rotor 10 in which outer teeth 1 1 are formed along 
a combined cycloid curve originated within limits satisfy- 
ing the following expression: 

Hj/Ej <0.5 

In this oil pump, the area of edge surface of inner 
tooth 21 is small with respect to the area of edge sur- 
face Sj of outer tooth 11. As a result, the sliding area of 
outer rotor 20 becomes small, causing the frictional 
torque T to decrease. However, because the width W of 
inner teeth 21 along the direction of rotation of outer 
rotor 20 narrows, inner teeth 21 break easily during 
engagement with outer teeth 1 1 . Accordingly, the dura- 
bility of inner teeth 21 in the oil pump rotor deteriorates. 
(FIG. 5 shows the case where H j/E j = 0.4 ). 

FIG. 6 shows the mechanical efficiencies of oil 
pumps having inner rotors 10 wherein the outer teeth 1 1 
are formed by using arbitrarily chosen values for Hj/Ej. 

Rrst, it can be seen that the mechanical efficiency 
of the oil pump decreases as the value of H/E^ increase 
within the range Hj/Ej > 0.8. 

Additionally, it can be seen that the mechanical effi- 
ciency of the oil pump increases as the value of H/Ej 
decreases within the range 0.5 ^ Hj/Ej ^ 0.8. 

In the range of Hj/Ej < 0.5, the mechanical efficiency 
of the oil pump does not increase greatly, and as the 
value of H/Ej becomes smaller, the width W of the inner 
teeth 21 along the rotational direction of the outer rotor 
20 becomes narrower, so that the inner teeth become 
more likely to become worn. 

The oil pump rotors employed in the oil pumps cor- 
responding to each of the points I. II, III, and IV : the 



graph in FIG. 6 are shown in FIGS. 1, 3. 4. arxJ 5. 
respectively. 

Additionally, the oil pump rotors used in the oil 
pumps correspKjnding to each of the points V and VI on 
5 the graph which are at the boundaries of the range 0.5 
< H/Ej < 0.8 are shown in FIGS. 7 and 8. respectively. 

The oil pump rotor shown in FIG. 7 is provided with 
an inner rotor 10 in which outer teeth 11 are formed 
along a combined cycloid curve generated by satisfying 
10 the expression H j/E j =0.8 . In this oil pump rotor, the 
area of edge surface Sq of inner teeth 21 is designed to 
be slightly large compared to the area of edge surface 
Sj of outer teeth 1 1 . In other words, emphasis has been 
placed on improving the durability of outer rotor 20. If 
15 the area of edge surface S^ of inner teeth 21 exceeds 
the above range, however, the mechanical loss due to 
frictional resistance increases, so that sufficient 
improvement in mechanical efficiency can no longer be 
realized. 

20 The oil pump rotor shown in FIG. 8 is provided with 
an inner rotor 10 in which outer teeth 11 are formed 
along a combined cycloid curve originated by satisfying 
the expression H j/E j =0.5 . In this oil pump rotor, the 
area of edge surface Sq of inner teeth 21 is designed to 
25 be slightly small compared to the area of edge surface 
Sj of outer teeth 1 1 . In other words, emphasis has been 
placed on reducing mechanical loss due to sliding 
resistance. However, if the area of edge surface So of 
inner teeth 21 exceeds the above range, inner teeth 21 
30 become narrower in width so that the durability of inner 
teeth 21 is no longer sufficient. 

Based on the above, an oil pump rotor may be pro- 
posed in which outer teeth 11 of inner rotor 10 are 
formed along a combined cycloid curve originated 
35 within the range satisfying the following expression: 

0.5 < Hj/Ej <0.8 

and in which the shape of outer rotor 20 is determined 
40 by the shape of inner rotor 10. In this oil pump rotor, the 
area of edge surface Sq of inner teeth 21 of outer rotor 
20 is made small to an extent which does not give rise 
to ready breakage of the inner teeth. As a result, the 
entire sliding area of outer rotor 20 becomes smaller. 
45 reducing the drive torque T. Therefore, it becomes pos- 
sible to reduce the mechanical loss caused by sliding 
resistance generated between outer rotor 20 and casing 
30, while at the same time ensuring the durability of 
inner teeth 21. Accordingly, the durability and reliability 
50 of the oil bump is ensured, while the mechanical effi- 
ciency thereof can be improved. 

A second embodiment of the oil pump rotor accord- 
ing to the present invention will now be explained. Struc- 
tural components identical to those explained above will 
55 be assigned the same numeric symbol and an explana- 
tion thereof will be omitted. 

In this oil pump rotor, the outer teeth 1 1 of the inner 
rotor 10 are formed along the combined cycloid curve 
generated within the range satisfying the expression 
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below, these limits also being indicated in case of the 
first embodiment above: 

0.5^Hj/Ej ^0.8 

Further, a run-off 40 is formed to each of the outer teeth 
1 1 to the front and rear of the direction of rotation. Run- 
offs 40 are not in contact with inner teeth 21 of outer 
rotor 20. 

FIG. 9 shows the state of engagement between the 
outer teeth 1 1 of the inner rotor 1 0 and the Inner teeth 
21 of the outer rotor 20. When the tips of outer teeth 1 1 
of inner rotor 10 engage in the tooth spaces of inner 
teeth 21 to rotate outer rotor 20. the line indicating the 
direction of the force with which outer teeth 11 push 
inner teeth 21 is referred to as the *1ine of action". In the 
figure, this line of action is indicated by the symbol L 
The engagement between outer teeth 1 1 and inner 
teeth 21 is carried out along this line of action /. The 
points on the surface of outer teeth 1 1 which form the 
intersecting point Kg at which engagement begins and 
the intersecting point Kg at which engagement ends are 
ordinarily fixed, and may be designated as engagement 
start point kg and engagement end point kg of outer 
teeth 1 1 . From the perspective of a single outer tooth 
1 1 . for example, engagement start point kg is formed to 
the rear of the direction of rotation, while engagement 
end point k© is formed to the front of the direction of rota- 
tion. 

FIG. 10 shows the state of contact between outer 
teeth 11 of inner rotor 10 and inner teeth 21 of outer 
rotor 20 when the capacity of cell C reaches a maximum 
value. The capacity of cell C reaches a maximum value 
when the tooth spaces between outer teeth 1 1 and the 
tooth spaces between inner teeth 21 are exactly oppo- 
site one another. In this case, the tip of inner tooth 21 
and the tip of outer tooth 1 1 which are positioned at the 
front of cell come in contact at contact point 
while the tip of outer tooth 1 1 which is positioned to the 
rear of cell C^ax comes in contact with contact point P 2 . 
The points on outer tooth 1 1 which form contact points 
Pi,P 2 where the cell capacity becomes maximum are 
ordinarily fixed, and may be designated as front contact 
point p^ and rear contact point P 2 of outer tooth 11. 
From the perspective of a single outer tooth 11. for 
example, front contact point pi is formed to the rear of 
the direction of rotation, while rear contact point p 2 is 
formed to the front of the direction of rotation. 

Run-off 40 Is formed such that it cuts off the tooth 
surface between the engagement end point k^ and the 
rear contact point P 2 which are positioned to the front of 
the direction of rotation, and the tooth surface between 
engagement start point kg and front contact point p^ 
which are positioned to the rear of the direction of rota- 
tion. As a result, there is no contact between the surface 
of outer tooth 1 1 and inner tooth 21 . 

In an oil pump rotor of the above described design, 
the increase and decrease in the capacity of a cell C 
and the contact between outer teeth 1 1 of inner rotor 1 0 



and inner teeth 12 of outer rotor 20 throughout one 
cycle takes place as described below. 

During the engagement of outer tooth 1 1 and inner 
tooth 21 . the tip of outer tooth 1 1 engages with the tooth 
5 space of inner tooth 21 to rotate outer rotor 20 in the 
same way as in a conventional oil pump rotor. 

Once the engagement between outer tooth 1 1 and 
inner tooth 21 ends, the capacity of cell C begins to 
increase as it moves along intake port 31. Due to the 
10 provision of run-off 40 at the front of the direction of rota- 
tion in outer tooth 1 1 of inner rotor 10 (which was in con- 
tact with the inner tooth of the outer rotor in the 
conventional oil pump rotor), the contact between outer 
tooth 1 1 and Inner tooth 21 at the front and rear of cell C 
15 does not occur. 

When the forward portion of cell C comes into com- 
munication with intake port 31 , the tip of the outer tooth 
1 1 and the tip of the inner tooth 21 which are positioned 
at the front of cell C come into contact. When the rear 
portion of cell C comes into communication with intake 
port 31, the tip of the inner tooth 21 and the tip of the 
outer tooth 1 1 which are positioned to the rear of cell C 
come in contact. In this way, a cell C^ax having a maxi- 
mum capacity is formed between intake port 31 and 
expulsion port 32. The contact between the tip of the 
outer tooth 1 1 and the tip of the inner tooth 21 which are 
positioned to the rear of cell C are maintained in this 
configuration until this contact point reaches expulsion 
portal. 

Next, the capacity of cell C begins to decrease as 
the cell moves along expulsion port 31. Due to the pro- 
vision of run-off 40 to the rear of the direction of rotation 
of outer tooth 1 1 of inner rotor 10 (which was In contact 
with the inner tooth of the outer rotor in conventional oil 
pump rotors), contact between outer tooth 1 1 and inner 
tooth 21 does not occur. 

In the process during which the capacity of cell C 
increases as it moves along intake port 31 and the proc- 
ess during which the capacity of cell C decreases as it 
moves along expulsion port 32, adjacent cells C enter a 
state of communication with one another due to the pro- 
vision of run-offs 40. However, in both these processes, 
each of the cells are in a state of communication due to 
positioning along intake port 31 or expulsion port 32. 
Thus, a decrease in the carrier efficiency of the oil pump 
rotor is not caused by adjacent cells C entering a state 
of communication with one another as described above. 

As a result, outer teeth 11 and inner teeth 21 come 
in contact only during the engagement process therebe- 
tween, and during the process in which the capacity of 
a cell C reaches a maximum and then moves from 
intake port 31 to expulsion port 32. Outer teeth 1 1 and 
inner teeth 21 do not come in contact during the proc- 
ess in which the capacity of a cell C increases as the 
cell moves along intake port 31 and the process in 
which the capacity of cell C decreases as the cell moves 
along expulsion port 32. Thus, the number of sites 
where sliding contact occurs between inner rotor 1 0 and 
outer rotor 20 is decreased so that the sliding resistance 
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generated between the teeth surfaces is small. 

Taking into consideration the preceding, an oil 
pump rotor may be proposed in which the outer teeth 1 1 
of inner rotor 10 are formed along the combined cycloid 
curve generated within the limits satisfying the following s 
expression: 

0.5< H/Ej< 0.8 

Run-offs 40 which are not in contact with the inner teeth io 
21 of outer rotor 20 are provided to each outer tooth 1 1 
at the front and rear of the direction of rotation. In this oil 
pump rotor, contact occurs between outer teeth 1 1 and 
inner teeth 21 only during the engagement process 
therebetween, and during the process in which the is 
capacity of cell C reaches a maximum and then moves 
from intake port 31 to expulsion port 32. Outer teeth 1 1 
and inner teeth 21 do not come in contact during the 
process in which the capacity of cell C increases as the 
cell moves along intake port 31 and the process in 20 
which the capacity of cell C decreases as the cell moves 
along expulsion port 32, thus reducing the number of 
sites of sliding contact between inner rotor 10 and outer 
rotor 20. Accordingly, in addition to the effects provided 
by the oil pump rotor of the first embodiment as 25 
described above, since the sliding resistance generated 
between teeth surfaces is reduced, it is also possible to 
reduce the amount of drive torque needed to drive the 
oil pump rotor, thereby improving its mechanical effi- 
ciency. Further, by providing run-offs 40 to the rear of 30 
the direction of rotation of outer teeth 1 1 , mechanical 
loss can be reduced by preventing interference between 
the outer teeth 11 of the inner rotor 10 and the inner 
teeth 21 of the outer rotor 20 which occurs due to vibra- 
tions of the oil pump during actual use thereof. 35 

Although the inner rotor 10 of this embodiment was 
designed with run-offs 40 provided to the front and rear 
directions of rotation of outer teeth 1 1, it is also accept- 
able to provide run-offs 40 to only the front direction of 
rotation of outer teeth 11. 40 

Claims 

1. An oil pump rotor provided with an inner rotor to 
which n (n is a natural number) outer teeth are 45 
formed, an outer rotor to which n + 1 inner teeth are 
formed which engage with each of the outer teeth, 
and a casing in which an intake port for taking up 
fluid and an expulsion port for expelling fluid are 
formed, fluid being taken up and expelled in this oil so 
pump rotor by means of changes In the capacity of 
a plurality of cells which are formed between the 
teeth surfaces of each rotor during the engagement 
and rotation of the rotors, wherein: 

the outer teeth of the inner rotor are formed 55 
by alternately combining an epicycloid curve and a 
hypocydoid curve, the epicydoid curve being gen- 
erated as an orbit of a point on a drcle which rolls 
along the outside of a base cirde without slipping. 



and the hypocydoid curve being generated as an 
orbit of a point on a circle which rolls along the 
inside of the base circle without slipping; the alter- 
nately combined cydokj curve being generated 
under the following condition, where E is the diam- 
eter (mm) of the cirde which rolls along the outside 
of the base drcle, and H is the diameter (mm) of the 
drcle which rolls along the inside of the base circle: 

0.5 < H/E < 0.8 

2. An oil purrp rotor according to claim 1 , wherein a 
run-off is formed to each of the outer teeth of the 
inner rotor at the front direction of rotation, the run- 
off not having contact with the inner teeth of the 
outer rotor. 

3. An oil pump rotor according to claim 2, wherein the 
run-off is formed between the engagement point 
when an outer tooth of the inner rotor engages with 
an inner tooth of the outer rotor, and the contact 
point between an outer tooth of the inner rotor and 
an inner tooth of the outer rotor when the cell 
capacity is increasing. 

4. An oil pump rotor according to claim 2. wherein the 
run-off Is formed to a portion of the area between 
the engagement point when an outer tooth of the 
inner rotor engages with an inner tooth of the outer 
rotor, and the contact point between an outer tooth 
of the inner rotor and an inner tooth of the outer 
rotor when the cell capadty is increasing. 

5- An oil pump rotor according to claim 2. wherein the 
run-off is formed to the rear direction of rotation of 
the outer teeth of the inner rotor. 

6. An oil pump rotor according to claim 5, wherein the 
run-off is formed between the engagement point 
when an outer tooth of the inner rotor engages with 
an inner tooth of the outer rotor, and the contact 
point between an outer tooth of the inner rotor and 
an inner tooth of the outer rotor when the cell 
capacity is increasing. 

7. An oil pump rotor according to claim 5. wherein the 
run-off is formed to a portion of the area between 
the engagement point when an outer tooth of the 
inner rotor engages with an inner tooth of the outer 
rotor, and the contact point between an outer tooth 
of the inner rotor arxJ an inner tooth of the outer 
rotor when the cell capadty is increasing 
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